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1
METHODS FOR TREATING THE SPINE

BACKGROUND OF THE INVENTION

The present invention resides generally 1n the field of medi-
cal devices and methods, and particularly to methods that can
be used 1 the implantation of medical devices in the spine to
treat a variety of conditions.

As further background, much of the population will expe-
rience back pain at some point. There are many causes for
back pain, and many treatments for alleviating the pain. Seven
cervical, twelve thoracic, and five lumbar vertebrae are
included in the normal human spine. Intervertebral discs
reside between adjacent vertebrae except for in the first
articulation between the first two cervical vertebrae. A disc
also lies between the last lumbar vertebrae and the sacrum.
Diseases or disorders 1n any of these or other areas of the spine
can cause debilitating pain as well as limited mobility 1n a
patient.

In one field of therapy, medical devices are implanted in the
spine at one or more locations to treat the spinal condition. A
variety of medical devices are utilized, serving a variety of
purposes. Illustratively, fusion cages and other interbody
fusion devices are positioned between vertebrae to facilitate
their fusion. Such devices are commonly employed in con-
junction with rods, screws, hooks, or plates that are also
connected to elements of the spine. Systems are also con-
nected to the spine 1n the absence of fusion devices, so as to
support or realign elements such as vertebrae.

Disc nucleus implants are also known, for receipt within
the mterior space of a damaged or otherwise inetfiectual inter-
vertebral disc. Many such devices that have been proposed are
formed of hydrogels or elastomeric polymers, for absorbing
impact and other forces occurring between the vertebrae.

While there 1s a wide variety of spinal implant devices,
most have 1n common the feature of transferring or imparting,
forces to bony tissue occurring within vertebrae of the spine.
These forces may at times be deleterious to those bony tis-
sues, particularly for example 1n the case of patients having
diseased or damaged bony tissue 1n critical areas of the spine.

In light of this background, there exist needs for methods
for implanting medical devices in the spine 1n which mea-
sures are undertaken to minimize the risk that loads imparted
to bony tissue by the medical devices will cause fracture or
other mnjury to the bony tissue. The present mvention 1s
addressed to these needs.

SUMMARY OF THE INVENTION

The present mnvention features, in one aspect, methods for
implanting a medical device in the spine wherein bone tissue
that will receive loads from the medical device 1s strength-
ened so as to reduce the risk that the bone tissue will sutfer
injury or damage. In certain forms, the invention provides
methods for implanting a device in the spine comprising
implanting the device 1n the spine and delivering to the load-
receiving bone tissue an effective amount of an osteogenic
substance to strengthen the bone tissue. Illustratively, certain
aspects of the mvention provide methods for fusion of adja-
cent vertebrae of the spine wherein an osteogenic substance 1s
delivered into bone tissue of one or both of the adjacent
vertebral bodies, for example by 1njection of the osteogenic
substance so as to deliver the osteogenic substance to a vol-
ume of bone within the vertebral bodies. In other aspects, the
implantation of a disc nucleus implant into the intervertebral
disc space 1s accompanied by delivery of an osteogenic sub-
stance to one or both of the adjacent vertebral bodies. In still
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other forms of the invention, the connection of a spinal
implant to a posterior, anterior, or lateral surface of a vertebral
body 1s accompanied by the delivery of an osteogenic sub-
stance 1into the vertebral body 1n areas of bone tissue to receive
loads from the device. For example, an osteogenic substance
can be 1njected 1nto a volume of bone tissue within a vertebral
body to receive a penetrating connector such as a screw or
bolt, which may in turn be connected to rods, plates, liga-
ments, or other devices attached to the vertebral body.

In one form of the invention, an osteogenic substance 1s
delivered 1nto a volume of bone tissue of a vertebra, and the
bone tissue 1s permitted to strengthen prior to the implanta-
tion of the medical device. In another form of the invention,
an osteogenic substance 1s delivered into the bone tissue of
the vertebra during the same surgical procedure 1n which the
medical device 1s implanted. In still other forms of the inven-
tion, an osteogenic substance 1s delivered 1nto the bone tissue
ol the vertebra 1n a procedure that occurs separately and after
the procedure in which the medical device 1s implanted.

In additional aspects, the invention provides methods for
therapeutically treating the spine of a patient. The methods
include implanting a medical device 1n the spine that imparts
loads to a volume of bone tissue of a vertebra of the spine. A
cannulated delivery device 1s inserted into the volume of bone
tissue, and a bone-strengthening substance 1s delivered
through the cannulated delivery device and into the volume of
bone tissue. The cannulated delivery device 1s then with-
drawn.

In st1ll further aspects, the mnvention provides methods for
implanting a medical device in the spine of a patient. The
medical device 1s implanted, wherein it imparts loads 1ndi-
rectly to a volume of bone spaced from the medical device,
and a bone-strengthening substance 1s delivered to the load-
receiving volume of bone.

In other aspects, the mvention provides surgical kits that
are usetul for performing methods such as those described
herein. The surgical kits include a medical device for implan-
tation in the spine, an osteogenic or other bone-strengthening
substance for delivery into bone tissue of at least one vertebra,
and a delivery device, such as an injection device, that 1s
equipped to deliver the substance mto the bone tissue of the
vertebra.

Additional aspects as well as features and advantages of the
invention will be apparent from the further description herein.

DESCRIPTION OF THE FIGURES

FIG. 1 provides an 1illustration of an intervertebral disc
nucleus 1implant recerved between vertebral bodies, wherein
the vertebral bodies have an interior volume of bony tissue
that has been strengthened.

FIG. 2 provides a cross-sectional view taken through the
disc space of FIG. 1.

FIG. 3 provides an 1llustration of a spinal fusion device
received between adjacent vertebral bodies, wherein the adja-
cent vertebral bodies include an interior volume of bone that
has been strengthened.

FIG. 4 provides an illustration of a spinal rod transverse
connector implanted 1nto a vertebral body, wherein an inter-
nal volume of the vertebral body has been strengthened.

FIGS. 5-9 provide illustrations of various volumes of bone
within a vertebral body that may be treated 1n accordance with
the mnvention.

FIGS. 10A through 10F illustrate various steps that may be
undertaken 1n the delivery of a bone-strengthening substance
in accordance with the mvention.
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FIGS. 11 A through 11C illustrate various steps that may be
undertaken 1n an alternative delivery of a bone-strengthening
substance in accordance with the ivention.

DETAILED DESCRIPTION

For the purposes of promoting an understanding of the
principles of the invention, reference will now be made to the
embodiments 1llustrated 1n the drawings and specific lan-
guage will be used to describe the same. It will nevertheless
be understood that no limitation of the scope of the invention
1s thereby intended, and alterations and modifications in the
illustrated device, and further applications of the principles of
the imnvention as 1llustrated therein are herein contemplated as
would normally occur to one skilled 1n the art to which the
invention relates.

As disclosed above, the present invention provides, inter
alia, methods for implanting a medical device 1n the spine
wherein bone tissue of the spine that recerves forces or loads
from the implanted device 1s strengthened by the delivery of
an osteogenic substance into the tissue. In this regard, the
spinal vertebrae are composed primarily of a spongy or can-
cellous bone surrounded by a more compact, cortical bone
shell. Cancellous bone 1s distributed as bone-plates, intercon-
nected substantially at right angles. This 1s an 1deal structure
for supporting compressive loads but not 1deal for supporting
tensile, bending or torsional loads. The cortical shell of the
vertebra 1s more dense than the cancellous bone, and 1s best
suited to resisting bending and torsional loads. When these
two types of bone are normal and healthy, the risk of fracture
1s mimmmized. However, when one or both of these types of
bone are unhealthy due to systemic or localized disorders or
lesions, the risk of fracture increases dramatically. As well,
during the aging process, bone resorption generally increases,
leading to a decrease 1n overall bone density and strength and
an increase in the risk of fracture. The present invention
addresses the risk of fracture or injury to bone tissue of the
spine by the delivery of an osteogenic substance or another
bone-strengthening substance to strengthen the bone tissue
that will recerve loads from an implanted medical device.

A wide variety of medical devices for implantation within
the spine, or for replacing elements of the spine, are known.
As 1llustrative examples, these devices include a variety of
intervertebral disc implants, including for example fusion
devices, disc nucleus implants, and artificial discs. Illustra-
tively, the medical device may be a disc nucleus replacement
implant adapted for receipt within the internal space of an
intervertebral disc, to replace or supplement the function of
the normal nucleus pulposus. Examples of such devices are
described 1 U.S. Pat. No. 6,620,196 1ssued Sep. 16, 2003.
Commonly, these devices include a hydrogel or an elasto-
meric material that absorbs compressive forces imparted by
the adjacent vertebrae. Still other spinal implant devices
include interbody fusion devices such as fusion cages, or
other fusion implants. Such devices are implanted between
vertebral bodies after removal of some or all of the interver-
tebral disc maternial. A bone growth promoting material, such
as autologous or other bone pieces or a composition including
an osteogenic substance, 15 commonly used 1n order to pro-
mote fusion of the two adjacent vertebrae to one another. Still
other spinal implants include artificial disc implants and/or
involve elements connected to lateral, anterior, and/or poste-
rior surfaces of vertebrae, including for example screws, rods,
plates, ligaments, and the like. As well, vertebral replacement
devices are known, which are configured to be implanted 1n
the place of a vertebral body that has been removed. These
and other medical devices for implantation within the spine
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are well known to those skilled in the art, and their use 1s
contemplated as being within the present invention.

The implantation of a medical device 1n the spine often
transiers loads to adjacent bony tissue, sometimes exerting,
forces that differ from those 1n the normal spine. In accor-
dance with certain aspects of the present invention, an osteo-
genic composition 1s used to strengthen a volume of bony
tissue to which such loads will be applied so as to reduce the
risk of fracture or other 1njury to the tissue caused completely
or 1n part by the presence of the implanted medical device.

With reference now to the Figures, several illustrative
implantation scenarios that can be used 1n the present mnven-
tion will be described. FIG. 1 provides an illustration of
adjacent vertebrae 1n a first implant embodiment 11 of the
present invention. More particularly, shown are adjacent ver-
tebrae 12 and 13 having a relatively intact intervertebral disc
annulus 14 positioned therebetween. A disc nucleus implant
15 1s received within the internal disc cavity 16 bounded by
the disc annulus 14. Upper vertebra 12 1includes a substantial
internal volume of bony tissue 17 that has been strengthened
by the delivery of an osteogenic substance into the bony tissue
of vertebra 12. Similarly, lower vertebra 13 has a substantial
internal volume of bony tissue 18 within the vertebral body
that has been strengthened by the delivery of an osteogenic
substance into vertebra 13. With reference to FIG. 2, shown 1s
a cross-sectional view taken through the intervertebral disc
component shown in FIG. 1, illustrating the placement of
nucleus replacement device 15 within the interior cavity 16
bounded by the disc annulus 14. Also shown for purposes of
illustration 1s an opeming 19 through which nucleus replace-
ment device 15 was delivered into the disc space 16. In certain
forms of the invention, the internal volumes of bony tissue 17
and 18 of vertebrae 12 and 13 (FIG. 1) will be dimensioned
suificiently to include a horizontal cross section encompass-
ing at least substantially the entire surface area of the adjacent
implant, as represented by phantom line 17 of FIG. 2.

With reference now to FIG. 3, shown 1s another embodi-
ment 21 of the invention. Embodiment 21 includes at least
one spinal fusion implant 22 received between adjacent ver-
tebrae 23 and 24. Vertebra 23 includes an internal volume of
bony tissue 25 that has been strengthened by delivery of an
osteogenic substance and vertebra 24 includes a similar inter-
nal volume of bony tissue 26 that has been strengthened. It
will be understood that with spinal fusion device 22, autoge-
nic bone or other osteogenic substances can also be implanted
within and around the device 1n the mterbody disc space to
promote fusion of the vertebrae 23 and 24.

Referring now to FIG. 4, shown 1s another embodiment 31
of the present invention. Embodiment 31 includes a spinal rod
transverse connector 32 attached to an external surface of
vertebra 33. Device 32 may, for example, be a transverse
connector as described in U.S. Pat. No. 6,602,254 1ssued Aug.
5,2003. Connector 32 1s attached to vertebra 33 by a bone bolt
34 or screw as well as a number of spikes 35 projecting from
the transverse connector. An internal volume of bony tissue
36 within vertebra 33 1s provided, into which bone bolt 34 and
spikes 35 penetrate. Volume 36 1s strengthened by the deliv-
ery ol an osteogenic substance, as in other embodiments
described hereinabove.

FIGS. § through 9 illustrate various embodiments of the
invention wherein one or more internal volumes of bone
within intervertebral bodies have been strengthened. Particu-
larly, FIG. 5 1llustrates an embodiment 1n which a central
volume of bone 41 within a vertebral body 40 has been
strengthened, for example by injection through access chan-
nel 42 created within the vertebrae. Access channel 42 can be
provided, for example, by an intrapedical/percutaneous
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approach (although other approaches such as transpedicular
approaches can also be used within the invention). FIG. 6
illustrates an embodiment 1n which an internal volume 43 of
vertebral body 40 has been strengthened, wherein volume 43
constitutes substantially the entire internal volume of bone of
vertebral body 40. This strengthened volume 43 can be pro-
vided via access through channel 44.

As shown 1 FIG. 7, the invention also contemplates the
strengthening of an internal volume of bone 45 within a
vertebral body 40 that generally overlies one of the endplates
of vertebral body 40. As 1n the embodiments disclosed above,
the osteogenic substance or other bone-strengthening agent
can be provided via access channel 46. In a similar vein, FIG.
8 discloses an embodiment wherein internal volumes 47 and
48 have been strengthened, each overlying one of the end-
plates of vertebral body 40. The bone strengthening substance
can be provided via access channel 49 having branches 50 and
51 diverging toward the respective endplates of vertebral
body 40. Shown 1n FIG. 91s an internal volume 52 of strength-
ened bone within vertebral body 40 provided by the delivery
of a bone-strengthening substance via access channel 53.
Bone volume 52 may be provided, for example, as a restora-
tion of vertebral height in a patient 1n need thereof.

Each of the embodiments disclosed 1n FIGS. § through 9
and still other configurations can be used 1n conjunction with
the delivery of a spinal implant device such as an interbody
fusion device, artificial disc, nucleus 1mplant, or disc aug-
mentation material, 1n accordance with the present invention.

FIGS. 10A through 10F illustrate various steps that may be
performed 1n the delivery of a bone-strengthening substance
to an intervertebral body. Generally, these steps can be per-
formed by a percutaneous method, or during another (e.g.
open) surgical method. Percutaneous methods can be used to
particular advantage before or after a surgical implantation of
amedical device (e.g. aload bearing interbody device or other
spinal 1mplant).

With reference now to FIG. 10A, as a first step, a channel
60 can be created 1n vertebral body 40 through the pedicle
using a suitable bone-penetrating implement such as a trocar
needle 61. Thereafter (FIG. 10B) a sheath 62 can be mserted
into channel 60 through which various procedures can be
implemented. FIG. 10C shows a subsequent step 1n which a
flexible or otherwise steerable needle or drill 63 1s positioned
through sheath 62 to access regions nearing the endplate of
vertebral body 41. As shown, several directional passes of the
needle or drill may be used 1n order to create access to a
broader volume of bone. The tip 64 of needled or drill 63 can
be designed so as to be steerable, for instance by rotation of
needle or drill 63. As illustrated in FIG. 10D, after accessing,
near the endplate, the needle or drill 63 can be withdrawn, and
a delivery device 65 can be inserted through sheath 62. Deliv-
ery device 65 can have delivery tip 66, which 1s curved or
otherwise steerable. Delivery device 65 can also include a
reservolr 67 and a plunger 68, allowing for the delivery of
clfective amounts of the osteogenic factor or other bone-
strengthening substance 69 out of delivery tip 66.

FIG. 10E shows an intermediate stage of the delivery pro-
cess 1n which additional amounts of the bone-strengthening
substance 69 are delivered as the sheath 62 and the delivery
device 635 are withdrawn from the access channel 60. In this
manner, the access channel 60 can be backfilled with the
substance 69 as the implements are withdrawn. Finally,
shown in FIG. 10F 1s the material 69 occupying a volume
overlying an endplate of the vertebral body 40, and also
backiilled into the access channel 60.

With reference now to FIGS. 11A through 11C, shown are

steps 1n another 1llustrative access and delivery procedure that
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can be used to deliver a bone-strengthening material to a
volume of bone overlying an endplate of a vertebral body. The
steps shown 1 FIGS. 11A through 11C can be used, for
example, 1n an open surgical procedure 1n conjunction with
the 1mplantation of a medical device such as an interbody
device. Referning first to FIG. 11 A, an access channel 70 1s
created 1n vertebral body 40 just above the endplate using a
needle 71 or other bone-penetrating implement. After this
access, a sheath 72 1s provided into channel 70. A delivery
device 73 1s then inserted through the lumen of sheath 72 and
1s used to deliver a bone-strengthening material 74, for
example an osteogenic substance, into the vertebral body 1n a
volume overlying the endplate. If desired or needed, a steer-
able needle or drill can be used to create access to a broader
volume of bone, generally as described in conjunction with
FIGS. 10A through 10F above. As well, a backfilling proce-
dure can be used to fill the channel 70 as the delivery device
73 and sheath 72 are removed. As shown 1n FIG. 11C, ulti-
mately, a volume 74 of bone-strengthening material 1s deliv-
ered into vertebral body overlying 1ts endplate. The strength-
ened volume of bone thus created can, for example, improve
resistance to fracture, subsidence, or undesirable remodeling,
of endplates due to loading created by an interbody implant or
material mtroduced 1nto the adjacent disc space.

Procedures 1n accordance with the mvention can be per-
formed on individuals having normal, healthy bone or also on
individuals having diseased or otherwise abnormal bone. For
example, procedures of the invention can be performed 1n
patients having decreased bone density. This may result from
a disorder such as osteoporosis, osteomalacia, osteotis {ib-
rosa, Paget’s disease, bone deficiency, primary or secondary
hyperparathyroidism, chronic inflammatory conditions,
metastatic bone disease and osteolytic bone disease. When
the condition 1s osteoporosis, the osteoporosis can be dueto a
number of conditions, e.g., age-related osteoporosis, post-
menopausal osteoporosis, juvenile osteoporosis, Cushing’s
syndrome osteoporosis, multiple myeloma osteoporosis, leu-
kemia osteoporosis, Turner’s syndrome osteoporosis, alcohol
osteoporosis, chronic liver disease osteoporosis, glucocorti-
coid-induced osteoporosis, chronic inflammatory disease
induced osteoporosis and disuse osteoporosis.

As noted above, certain methods of the invention involve
the use of an osteogenic substance to strengthen volumes of
bone within spinal vertebrae. The osteogenic substance can
be any suitable such substance known 1n the art. In this regard,
the osteogenic substance can include an osteogenic factor
incorporated within a suitable pharmaceutically-acceptable
carrier.

The osteogenic factor may, for example, be an osteogenic
protein such as a bone morphogenic protein (BMP). The bone
morphogenic protein (BMP) can be any BMP eflective to
stimulate the formation of bone. Examples of such BMPs are
BMP-2, BMP-4, and BMP-7, more preferably rhBMP-2 or
rhBMP-7, most preferably, rhBMP-2. Punified recombinant
BMPs are preferred for use in the imnventive compositions for
their provision of high osteoinductive potentials. BMP gene
sequences and methods for producing recombinant and natu-
rally-dertved BMPs are known 1n the art, and for additional
information on this subject reference may be made, for
instance, to U.S. Pat. Nos. 5,108,753; 5,187,076; 5,366,875
4,877,864, 5,108,922; 5,116,738; 5,013,649; 5,106,748; and
4,294,753 and International Publication Nos. W093/00432;
W094/26893; and W(094/26892. The osteoinductive factor
may also be LIM mineralization protein (LMP) as described
1in W0O99/06563 (see also genbank accession No. AF095585).

The osteogenic factor will be incorporated 1nto a suitable
pharmaceutical formulation and used in an amount which 1s
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clfective to stimulate the formation of bone within the animal
recipient. In certain compositions mcorporating osteogenic
proteins, the protein will be incorporated 1n a weight ratio of
about 1:100 to about 1:1000 relative to the overall composi-
tion, more commonly about 1:100 to about 1:500.

Osteogenic compositions for the mvention may also
include other osteoinductive substances, including {for
example demineralized bone matrix (DBM). As 1s known 1n
the field, DBM can be prepared by acid demineralization of
bone and when so prepared contains, among other constitu-
ents, the collagen matrix of the bone and acid 1nsoluble pro-
teins. DBM has been shown previously to be mildly osteoin-
ductive by 1tself and has a favorable porous matrix for the
ingrowth of bone. Methods of producing DBM are known 1n
the art and are, therefore not elaborated upon here (see for
example U.S. Pat. No. 5,405,390).

The osteogenic composition used 1n the invention may take
a variety of forms. For example, the osteogenic composition
may be a relatively simple, non-viscous liquid composition
such as an aqueous solution of an osteogenic protein. Alter-
natively, the osteogenic composition may be a relatively more
viscous substance such as a paste or gel. Further, the osteo-
genic composition may have properties that allow it to
increase 1 viscosity once delivered into the bone tissue. In
this fashion, while 1n a relatively non-viscous state, the osteo-
genic composition can be delivered into the bony tissue and
can penetrate the pores of the bony tissue so as to deliver the
osteogenic composition across a relatively large volume from
a single point of injection or other delivery. After dispersal
through the volume of bony tissue, the osteogenic composi-
tion can take on a more viscous or hardened state and thereby
hold the osteogenic protein within the delivered volume.
Moreover, the relatively viscous, delivered composition may
or may not include components that act as a scatiold for the
ingrowth of bone.

A wide variety of suitable carriers may be incorporated into
osteogenic compositions of the invention. In certain forms,
the carrier will be biologically resorbable and will contribute
to providing a relatively viscous form of composition allow-
ing 1ts implantation and retention at a site for bone mngrowth.
In this regard, carriers may include resorbable macromol-
ecules from biological or synthetic origins, including for
example gelatin, hyaluronic acid, carboxymethylcellulose,
collagen, peptides, and the like. Additional carrier substances
includes glycols such as polyethylene glycol, chitosan, elas-
tin, albumin, fibrin, keratin, lecithin, cellulose-based materi-
als, polyethylene oxide, polyvinyl alcohol, calcium sulfate,
calcium phosphate (including for example hydroxyapatite
and/or tricalcium phosphates generally), calcium carbonate,
or combinations thereof.

In certain forms of the mvention, an osteogenic composi-
tion 1s provided and used that includes a relatively quickly
resorbable material along with a relatively slowly resorbable
maternial. For example, relatively rapid resorbing materials
include those 1dentified above as carrier materials. Relatively
slow carrier materials may include calcium-containing solid
maternals in particulate form, such as powders. The particle
s1ze will be suificiently small to retain the flowable and inject-
able character of the osteogenic composition. To this end, 1n
certain embodiments the average particle size ranges from
about 1 nanometer to about 100 micrometers. Examples of
suitable calcium-containing materials include hydroxylapa-
tite, calctum phosphate, tricalcium phosphate, biphasic cal-
cium phosphate, calcium carbonate, bioactive glasses, or
combinations thereof. These compositions may be provided
initially 1n a powder form, including a powder mixture of the
rapid and slow resorbing materials. This powder mixture can
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then be combined with a liquid such as an aqueous solution to
form a tlowable composition, desirably an 1injectable compo-
sition. Still further, 1n certain forms, this flowable composi-
tion increases 1n viscosity after delivery, to harden and hold
the osteogenic substance within the delivered volume.

In accordance with the invention, the osteogenic composi-
tion can be delivered to any suitable bony tissue volume
within one or more vertebrae of the recipient. The bony tissue
volume may be constituted by healthy bony tissue, or by
diseased, damaged, or otherwise weakened bony tissue. Illus-
tratively, the bony tissue may be characterized as having a
decreased bone density due to osteoporosis 1n the recipient or
other causes. As well, the bony tissue may be at or near the site
of a lesion which damaged the tissue, or other injured tissue.
In cases wherein a medical device 1s to be inserted within the
interbody space between adjacent vertebra, one or more of the
adjacent vertebra may receive delivery of the osteogenic com-
position 1n a volume generally lying internally of the end-
plates of the vertebrae, as depicted 1n certain of the Figures.
On the other hand, where connectors or other devices are to be
attached to or inserted through horizontal or external surface
of a vertebra, the volume of bony tissue 1n which the connec-
tor 1s to be recerved can be treated with the osteogenic sub-
stance, as well as any adjacent volumes that will receive
tensile, shear, compression, or other forces from the connec-
tor or from plates, rods, or other elements associated with the
connector.

In certain embodiments of the invention, a bone-strength-
ening substance, which may or may notinclude an osteogenic
material, can be used. For example, a bone cement formula-
tion lacking or containing an osteogenic portein may be used.
In this regard, any suitable bone cement material can be
incorporated into such formulations. In certain forms, the
bone cement material will include a solid finely divided pow-
dery or granular polymer component, and a liquid reactive or
polymerizable monomer component that also serves as a
solvent or swelling agent for the polymer component. The
polymer and monomer components can be based on the
acrylic, e.g., (meth)acrylate system, however, other poly-
meric systems can also be used. A common polymer compo-
nent included in bone cement 1s PMMA (polymethyl-
methacrylate).

More generally, 1n certain embodiments, the polymer com-
ponent of the composition can be any methyl acrylate or
methyl methacrylate polymer (together herein encompassed
by the abbreviated expression “methyl(meth)acrylate” poly-
mers wherein “(meth)” denotes the optional presence of the
methyl group) such as methyl(meth)acrylate homopolymers
and copolymers of methyl(meth)acrylate with alpha, beta-
cthylenically unsaturated compounds such as vinyl acetate,
alkyl (e.g. C,-C,) (meth)acrylates and multi-functional
acrylic monomers such as alkylene dimethacrylate and alky-
lene diacrylates and triacrylates. These polymers commonly
have a molecular weight between about 500,000 and about
2,000,000.

The reactive monomer component can be methyl acrylate
or methyl methacrylate although the C,-C, alkyl(meth)acry-
lates, such as ethyl(meth)acrylate, propyl(meth)acrylate or
(n-, or 1s0-) butyl(meth) acrylate, can also be used.

Generally, such bone cement materials are well known and
commercially available. They are usually provided as finely
divided polymer and liquid monomer, and are characterized
as being self-polymerizable substances which are mixed,
together with a polymerization catalyst, such as dibenzoyl
peroxide, and polymerization accelerator, such as dimethyl-
p-toluidine, immediately prior to the operation to form a
viscous liquid or pasty mass. The pasty mass 1s mtroduced
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into the appropnate site and will harden 1n situ (via an exo-
thermic reaction) within a few minutes.

The osteogenic composition or other bone-reinforcing
substance (e.g. bone cement) can be delivered to the volume
of bony tissue using any suitable method. These include, for
example, delivery through a needle or other cannulated
device. In this regard, certain devices are known for the deliv-
ery of bone cements or other formulations into vertebral
bodies. Illustrative such devices are disclosed in U.S. Pat.
Nos. 6,375,639, 6,348,055 and 6,582,439. Such devices may
be used 1n methods of the present invention.

In the delivery of the osteogenic composition or other
bone-strengthening matenal, a single 1njection may be used,
or a multiple 1njections may be used at varied sites within the
volume 1n which strengthened bone 1s desired. As well,
needles having adaptations for delivery within larger vol-
umes, such as having a plurality of holes or orifices in the end
and/or side areas ol the needle, can be used. Any suitable
method for delivery of the osteogenic or other bone-strength-
ening composition into a functional volume of bony tissue 1s
contemplated as within the present invention.

As well, to assist 1n the i1dentification of the volume in
which the composition 1s delivered, the composition can be
rendered radiopaque by the addition of suitable substances,
for examples those containing bartum, tungsten, or the like.
Further 1n this regard, the procedures for delivering the osteo-
genic or other bone-strengthening substance can be per-
formed and guided under conventional 1imaging techniques
such as fluoroscopy. As well, conventional techniques can be
used to 1dentily patients and/or bone regions having aneed for
reinforcement. For example, 1n the case of decreased bone
density, this can be detected utilizing methods well known 1n
the art, e.g., bone density scans, radiographic imaging, medi-
cal history, and the like.

Additional aspects of the invention relate to surgical kits
that are usetul 1n the performance of methods such as those
described herein. Thus, 1n certain embodiments, the invention
provides surgical kits that include a medical device config-
ured for spinal implant, a bone-strengthening substance such
as an osteogenic substance, and a delivery device effective to
deliver the osteogenic substance into a volume of bone tissue
within the vertebra of a patient 1n which the medical device 1s
to be implanted. The medical device, delivery device, and
bone-strengthening substance may, as examples, include any
combination of those elements described herein.

While various preferred embodiments of the invention
have been described 1n detail above, the same 1s to be consid-
ered 1llustrative 1n nature. All modifications and additions as
would occur to one of ordinary skill 1n the field to which this
invention pertains are contemplated as being a part of this
invention and are desired to be protected. In addition, all
publications cited herein are indicative of the level of ordinary
skill in the art, and are hereby incorporated by reference 1n
their entirety as 1f each had been individually incorporated by
reference where cited and fully set forth.

What 1s claimed 1s:

1. A method for implanting a medical device in the spine of
a patient, comprising:
accessing the spine of a patient having a healthy vertebra
and an uniractured vertebra with internal bone tissue of
decreased density creating a risk of fracture;

implanting a medical device 1n the spine of the patient in

the healthy vertebra and adjacent to the uniractured ver-
tebra, wherein the medical device causes loads to be
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imparted to the internal bone tissue of the vertebra and to
the healthy vertebra of the patient and the medical device
1s a fusion device; and

delivering into an internal volume of the internal bone

tissue of the vertebra and into the healthy vertebra an
osteogenic substance effective to strengthen the internal
volume of the bone tissue to reduce the risk of fracture
and to strengthen the healthy vertebra via a delivery
device mserted into said internal volume of the bone
tissue and into the healthy vertebra, wherein the osteo-
genic substance has a flowable condition during deliv-
ery, and a hardened condition after delivery, and the
osteogenic substance 1s a bone morphogenic protein.

2. The method of claim 1, wherein said implanting and
delivering are performed during a single surgical procedure.

3. The method of claim 1, wherein said implanting and
delivering are performed 1n separate surgical procedure.

4. The method of claim 3, wherein said implanting 1s per-
formed prior to said delivering.

5. The method of claim 3, wherein said implanting 1s per-
formed after said delivering.

6. The method of claim 1, wherein:

said implanting 1s conducted after providing suificient time

for said internal volume of bone tissue to strengthen.

7. The method of claim 1, wherein said delivery device 1s
cannulated.

8. The method of claim 1, further comprising;

inserting said delivery device into said internal volume of

bone tissue prior to said delivering; and withdrawing
said delivery device after said delivering.

9. The method of claim 8, wherein said delivery device 1s
cannulated.

10. A method for implanting a medical device 1n the spine
ol a patient, comprising:

accessing the spine of a patient having an uniractured

volume of bone and a healthy vertebra, said volume of
bone having decreased density creating a risk of frac-
ture;

implanting a medical device 1n the spine of the patient 1n

the healthy vertebra, wherein the medical device imparts
loads indirectly to said volume of bone spaced from said
medical device and the healthy vertebra and the medical
device 1s a fusion device; and

delivering a bone-strengthening substance to said volume

of bone and into the healthy vertebra via a delivery
device 1nserted 1nto said volume of bone to reduce the
risk of fracture and into the healthy vertebra to
strengthen the healthy vertebra, wherein the bone-
strengthening substance has a tflowable condition during,
delivery and a hardened condition after delivery, and the
bone strengthening substance comprises a bone mor-
phogenic protein.

11. The method of claim 10, wherein the medical device 1s
implanted 1n healthy adjacent vertebral bodies of the spine,
and wherein said volume of bone 1s adjacent to a vertebral
endplate of at least one of said vertebral bodies.

12. The method of claim 10, wherein said delivery device 1s
cannulated.

13. The method of claim 10, further comprising:

inserting said delivery device into said volume of bone

prior to said delivering;

and withdrawing said delivery device alter said delivering.

14. The method of claim 13, wherein said delivery device 1s
cannulated.
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